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Introduction
The disposition in the soil of Municipal Solid Waste (MSW) is still considered the most economic form of management adopted in almost all the countries of the world. Although there are other techniques which are more advantageous both energetically (e.g., incineration) and landfilled volume reduction (e.g. biological and mechanical treatment), wastes which are not reintroduced into the systems are preferably disposed of in landfills or other areas not controlled by the public administration (Emberton and Parker 1987; Calabrò et al. 2011; Barros et al. 2014; Wu et al. 2015) .
MSW management depends mainly on structured plans and investments, a difficult issue in developing countries (Ejaz and Janjua 2012; Srivastava et al. 2015) . It is important to consider that MSW irregular management of these activities causes negative environmental impacts. Local scale impacts such as contamination of soil, surface water and groundwater and on a global scale as emissions of greenhouse gases, mainly methane and carbon dioxide, are reported (El-Fadel et al. 2002; Atta et al. 2015; Wu et al. 2015) .
The possibility of impacts occurs due to the formation of two specific effluents: landfill biogas and leachate.
The leachate and biogas characteristics are closely linked to the degradation phase of organic matter and are variable in time (El-Fadel et al. 2002; Wu et al. 2015; Chen, Knappe and Barlaz 2004; Di Bella et al. 2012) . The qualitative aspects of leachate and biogas depend on the interaction of several factors such as: characteristics of MSW, climatic conditions, site-specific variables (e.g. type of cover soil, declivity) and design and operation of activities in the landfill. The identification of these characteristics is head for the development of the treatment systems to be adopted (Renou et al. 2008; Zairi, Aydi and Dhia 2014) .
With the advent of the National Solid Waste Policy (NSWP) in Brazil, some forms of MSW management as open dump and controlled landfills are no longer allowed because they provide contamination and pollution. The new law framework required all municipalities in the country to adjust their MSW disposal areas and use the best waste treatment technology by the end of 2014, Sciences, 24 (1): 98-124, Jan-Mar, 2018 however, this time limit was extended to 2017 and 2021, as the size of the population of each municipality (Brasil 2010) .
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Brazilian legislation and the specific technical norms on MSW management present some terms that differ from those used in the literature, such as controlled landfill and open dump. Therefore, it is necessary to present the concepts. Open dump is a random area where MSW are placed on the soil without waterproofing, there are no capture and treatment systems for leachate and biogas and has no waste covering with earth or other inert material. The difference between an open dump and controlled landfill is that the MSW in the controlled landfill is covered with soil or other inert material at the end of each working day. The sanitary landfill is the correct form of disposal, presenting basic waterproofing, collection systems and treatment of biogas and leachate (ABNT 1985; ABNT 1992) .
The NSWP also established the concept of an orphan area: contaminated or polluted area where it is not possible to identify the person responsible for the action. It should be noted that most open dump and controlled landfills are classified as orphan areas, thus becoming environmental liabilities of continental proportions, in which the responsibility for its remediation is to the public administration (Brasil 2010) .
The current situation of MSW management in Brazil has evolved slowly and gradually between 2000 and 2014, indicating a 22.9% increase in disposal in sanitary landfills and a drop of 15.1% for disposal in open dump. The disposal in controlled landfills remained constant at around 24% of all the waste produced in the country during those years (ABRELPE 2015) .
According to the National Sanitation Information System, 45 of the 92 cities in the state of Rio de Janeiro presented information on the MSW processing facility. Among the cities that submitted information, 53% operate landfills, 19% operate controlled landfills, and 28% have open dumps in operation. 33% of controlled landfills in the state of Rio de Janeiro do not have basic waterproofing, 46% of controlled landfills do not have gas collection infrastructure, 72% of all treatment facility do not recover biogas, and 40% of all facility recirculate leachate. According to the Abrelpe report (2016) there are 3326 units of irregular disposal in Brazil, including open dumps and controlled landfills. The data presented in November 2016 reflect the reality of most Brazilian states and indicate the urgent need to mitigate environmental liabilities related to irregular disposal of MSW (SNIS 2016) .
Within this context of contaminated and polluted remediation of areas it is observed that several mathematical models were developed to adequately estimate leachate flow rate (hydrological evaluation of landfill performance -HELP, adapted water balance, Darcy generalized law for liquids in porous media), gas generation (first-order kinetics reactions, biological degradation model combined with stochastic model of hydrological transport of contaminant and Moduelo 2) and to determine the best landfills siting (spatial multiple criteria analysis methodology, remote sensors combined with GIS and multicriteria spatial analysis) (Min et al. 2010; Camba et al. 2014; Feng et al. 2015; Manna, Zanetti and Genon 1999; Zacharof and Butler 2004; Cortázar and Monzón 2007; Kontos et al. 2005; Biotto et al. 2009 ).
Other models and tools have also been developed to facilitate data acquisition and environmental modeling; among them is the DTM, widely propagated in the last years. These models allow to better visualize and analyze the physical characteristics of an area. DTM can be described as a digital elevation model that encodes the topography through spatially georeferenced data. Aerial photographs and satellite imagery are processed automatically or semi-automatically to perform the extraction of contour lines and other morphological parameters (Toz and Erdogan 2008) .
Bulletin of Geodetic Sciences, 24(1): 98-124, Jan-Mar, 2018 It was also observed the evolution in the use of satellite images and remote sensing in different platforms, in addition to new technologies for determination of spatial characteristics that provide more accurate analyzes for different areas of knowledge as presented in Table 1 . Sothe et al. (2017) development of algorithms for improved land cover classification using satellite images Xiao et al. (2017) photogrammetric observations for the aerial triangulation process (LIDAR 1 system) Debiasi and Mitishita (2013) comparing the use of different variables and classification algorithms for mapping (remote sensing) and monitoring of coffee growing areas. Souza et al. (2016) Evaluation of characteristics of submetric images obtained with UAV for analysis of anthropic actions in landscapes. Ruiz et al. (2017) volume calculation in a pile of waste using UAV,GNSS 2 and LiDAR Silva et al. 2016 development of criteria that support the quality of spatial data destined to the rural environmental register using UAV Neto et al. (2017) mapping areas for analysis of border conflicts using UAV Graça et al. (2017) Notes. 1: LIDAR -Light Detection And Ranging; 2: GNSS -Global Navigation Satellite System Despite the evolution of the different models, a unique and low-cost methodology of data acquisition combining GIS -spatial analysis -remote sensing -leachate and biogas generation was not identified.
Without collection and treatment systems of leachate from landfills, this will contribute to the contamination and pollution of water and soil resources, while methane will contribute to the global climate change for approximately 80 years from the closure of the landfill (World Bank 2004).
Added to this scenario are the uncertainties of national estimates on greenhouse gas emissions in the MSW treatment sector, identified in the Second Brazilian Inventory of Emissions (uncertainties of 56%) and in the third (uncertainties of 23%). The calculations are subject to the defense due to model simplification and the influence in the biogas generation (MCT 2010; MCTI 2015) . This model uses municipal solid waste characteristics and municipal solid waste per capita generation in a determined period of time. These input data produce uncertainties in the results.
The quantification of these effluents should be estimated as the starting point for any proposed recovery plan or treatment systems. Therefore the objective of this work is to present a combined methodology for quantifying the biogas flow rate of a controlled landfill that does not have operating data using a 3D digital elevation model. The use of digital cartographic products obtained with UAV to estimate landfills biogas is the main innovation of this research. The utilization of the geoprocessing tools was directed to the determination of MSW volume landfilled (one of the main input parameters in the model) and combined with other methods such kinetics of first-order reactions, which promoted the estimation of the biogas flow rate in a recovery area.
Another aim of this study is to compare the results obtained of biogas generation between the Brazilian model and the new methodology developed in a controlled landfill without operating records.
The final objective is to indicate a comparative analysis between data acquisition through an integrated methodology and conventional methodology for the development of plans for the management of degraded areas (environmental liabilities of the waste disposal sector).
Material and Methods
Three main parameters have been characterized: (i) MSW volume landfilled; (ii) landfill biogas generation for Scenario 1 and (iii) landfill biogas generation for Scenario 2. The first parameter has been independently modeled of the other two.
The amount of waste landfilled in the area for Scenario 1 was calculated using the per capita waste generation rate for the population of Volta Redonda from 1987 (start of disposal activities) to 2012 (closure of the dumpsite). The amount of waste landfilled in the area for Scenario 2 was calculated using the volume obtained through the 3D DTM created for this site through the images captured by UAV. It was used for both scenarios the biogas generation method proposed by Intergovernmental Panel on Climate Change -IPCC and the method proposed in version 3.02 of Landfill Gas Emissions Model (LandGEM) used by the United States Environmental Protection Agency -USEPA.
Study Area
The study area, represented in Figure 1, The area is georeferenced by the Brazilian Geodetic System using Universal Transverse Mercator (UTM) projection, datum SIRGAS-2000 with the coordinates indicated in Figure 1 . The orthophoto was developed by overlapping and correcting the composition of the red, green and blue spectral bands of the aerial photographs.
Topographical Survey Planialtimetric Performed with Unmanned Aerial Vehicle
The aerial photographs were obtained with a digital camera coupled in a remote sensing platform -UAV (provided by GEO 3 Topography Company). The digital camera characteristics are: Canon PowerShot S-100 12 megapixel, pixel size: 1.86161 x 1.86161, without pre-calibration, nominal focal length of 5.2 mm, lens F / 2.0, maximum shutter speed of 1/13 s, 4000 x 3000 image size. This system uses GPS for spatial orientation, pressure sensors and telemetry for determining flying height and speed as well as the flight attitude. The UAV main characteristics are: internal flight controllers, global positioning system, open source radio telemetry, six engines, FrSky Taranis X9D control radio, redundancy system for engine and sensor failure, Lipo battery (Lithium Polymer) with 4 cells of 16,000 milliampere hour, folding propellers, carbon fiber fuselage, camera stabilization support, maximum horizontal speed of 90 km.h -1 , vertical top speed of 14 km. h -1 , maximum radio control range of 1.5 km, flight time with 40-minute Lipo battery and 3 kg load capacity.
The methodology used to obtain the cartographic products using the UAV was performed in three stages: (i) flight planning; (ii) execution of the flight and (iii) post-processing of the images.
The three stages were subdivided according to the following steps: 1-indication of the area of interest with the definition of the precision to be adopted (Ground Sampling Distance -GSD of 4 cm, that is, each pixel of the image represents 4 cm in the ground -16 cm 2 ); 2 -definition of two flight plans in Mission Planner software; 3 -definition of the number of Ground Control Points -GCP (GCP are used to make the relation between the coordinate system of the aerial photography and the terrain coordinate system); 4 -setting-up of field targets (GCP materialized in a black and white tarp of 0.40 x 0.40 m, in other words, it is an artificial mark in the field that can be identified in aerial photographs, thus providing more accurate measurements of the coordinates of the GCP for orientation of aerial photos); 5 -transfer of flight plan to UAV Vortex One; 6 -manual activation for take-off of the UAV with the camera attached, according to the established flight plans.; 7 -Start of the autopilot from a predetermined height and execution of the flight plan; 8 -after end of each flight, the photos of the camera are downloaded in a portable computer to verify the process of capturing the images; 9 -georeferencing of GCP and determination of orthometric parameters of GCPs in the three axes (X, Y and Z), using the Global Navigation Satellite System (GNSS) technology, as described next: implementation of a fixed support base for the equipment -GNSS BASE, with a Hi-Target V30 L1 / L2 GNSS receiver serial number 006434, with recording interval of 1 ' and 15° elevation mask. After each target (GCP) is tracking with the Hi-Target GNSS receiver V30 L1 / L2 -serial number 006435 (GNSS MOBILE equipment), using Real Time Processing (RTK) technique in which corrections are instantaneous increasing accuracy to the centimeter level; 10 -Fixed GNSS data (BASE) are downloaded and processed using Brazilian Institute of Geography and Statistics service -Positioning by Precision Point (PPP), obtaining the coordinate of the georeferenced base to DATUM SIRGAS 2000 (Geocentric Reference System for the Americas). The altitude above mean sea level is determined by the difference of the reference geoidal and ellipsoidal surface; 11 -After the coordinates of the targets has been collected with GNSS MOBILE, these are adjusted according to the new coordinates of GNSS BASE (georeferenced to DATUM SIRGAS 2000); 12 -for the correction of heights, the MAPGeo 2015 model (open source) was used in which the value of the Geoid Undulation for the GCP is calculated, converting Geoid Altitude (referenced to Geoid) in Orthometric Altitude (referenced to sea level); 13 -Agisoft PhotoScan software (multi-image 3D reconstruction technology with at least two distinct images) was used for the post-processing of data collected in the field (aerial photos and coordinates of the targets): first, the camera is calibrated based on the interchangeable image file data of the aerial photographs, after, the alignment of the photos from the points in common between the photographs and the GCP is performed automatically and finally the software generates a point cloud made by means of similarity measurements between the overlapping images identifying the three -dimensional coordinates (X, Y, Z) of the photographed surface -image correlation.
Has been used 14 GCP to guide the aerial photographs and also as reference points to evaluate the accuracy of the 3D terrain digital model. A functional flowchart was developed to represent the logical procedure shown in Figure 2 . The first stage in the operational procedure performed with the aerial images obtained with the UAV and with the GPC allowed the generation of the following products: a georeferenced mosaic of images, contour lines every meter and point cloud.
3D Digital Terrain Model
The digital photogrammetry with UAV allows representing the variable altimetry by means of 3D terrain digital model, developed based on point cloud obtained by the indirect method of remote sensing equipment. Two model representations are developed: Digital Terrain Model (DTM) and Digital Surface Model (DSM). In DSM objects on the surface are represented (e.g. buildings, vegetation) and in DTM only the relief is represented (Silva et al. 2016) . Considering that the study area does not present objects on the surface the DSM represents the DTM.
A DTM was generated from the contour lines obtained by filtering the point cloud generated by the surface modeling technologies. Using the filtered point cloud obtained with the software AgisoftPhotoscan and the GCP coordinates (X, Y and Z ) on the surface of the controlled landfill, a Triangular Irregular Networks (TIN) was created in ArcGIS software version 10.3.
Through the routine described below, the real surface area and volume of MSW was determined:
The file in shapefile format obtained by Agisoft PhotoScan program was selected: contour lines; The GCP coordinates obtained by the GNSS were selected; The files were loaded into ArcMap for processing; The extension 3D Analyst was enabled. The 3D Digital Terrain Model was created with the selected files, in ArcMap, (Triangular Irregular Network -TIN): 3D Analyst → Create / Modify TIN → Create TIN from the features; By TIN, the volume of waste landed and the real surface area was calculated: 3D Analyst Tools → Terrain and TIN surface → Polygon Volume.
The functional flowchart in Figure 3 shows the acquisition and the treatment of the spatial data. 
Validation
The validation of the UTM coordinates accuracy in the DTM was made through the difference between the location of the post-processed points of the orthophotos and the GCPs obtained with the GNSS technology.
With the characteristics of the flight performed it is possible to find the cartographic scale of the orthophoto by calculating GSD (Ground Sampling Distance). The GSD can be confirmed by Equation 6.
Where: hv is the average height of the flight, f is the focal length of the camera and d is the physical size of the pixel in the sensor.
After the identification of these points, the Root Mean Square Error (RMSE) was calculated. For the calculation of the RMSE, the following equation was used (Equation 7):
Where: Δh is the difference between the location of the post-processed points of the orthophotos and the GCP, n is the number of points on the ground.
Results and Discussion

Topographic Survey by Unmanned Aerial Vehicle
The planialtimetric survey, such as the contour lines, was carried out by processing 246 overlapping images obtained by the camera attached to the UAV. Figure 4 shows the location and the number of images captured by the camera at different points of the flight plan. A cloud of points automatically generated by the program Agisoft PhotoScan (dense and sparse) which provided the obtaining the contour lines and the orthophoto mosaic. From the contour lines and the GCP the 3D DTM was created -Triangular Irregular Network (TIN), shown in Figure 5 .
The results of the flight performed in this study are described in Table 2 and Table 3 indicates the RMSE in the three axes (X, Y and Z) that were used for precision evaluation of the 3D DTM. The different colors indicate the number of images captured at the shooting times of the camera connected to the UAV. The quality of the model decreases at the edges due to the small number of images obtained. However, a large number of photos of the study area located further to the center indicated by the blue color were acquired, thus minimizing edge effects. The mean error obtained with the photographic camera GPS was 9.5 m for the X axis, 11.77 m for the Y axis and 10.33 m for the Z axis. They are high-value errors that are automatically corrected with the introduction of the coordinates of the GCP, obtained with GNSS, during post-processing. The software uses the coordinates obtained with GNSS as a reference in its aero triangulation, with this it transports these coordinates to the rest of the pixels in the image thus doing the georeferencing of the images in which each pixel of the image will have its coordinate established. Still, with the GCP and through the process of analysis of pixel to pixel, the software performs the automatic identification of the homologous points, also known as Tie Points, which in this study totaled 434,905 tie-points, significantly higher in relation to a conventional survey (5,023 points) (Silva et al. 2016) . 246 image captures were performed in 242 different positions used to generate the orthophoto.
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With the data in Table 2 it is possible to find the cartographic scale of the orthophoto by calculating GSD (Ground Sampling Distance). A result of 4.3 cm for GSD was obtained, confirming GSD initially set at 4 cm. Therefore the cartographic scale is 1: 400 The points PC6, PC 14, PC 16 and PC 17 were not in the coverage area, so were not listed in Table  3 .
The results presented in Table 3 indicating the total accumulated error of 18.4892 cm and 1.2938 pixels shows that the precision of the survey. The mooring of GCP with the coordinates of overlapping images obtained with the UAV enabled the generation of contour lines and consequently the 3D Digital Terrain Model, DTM -TIN with a resolution of 29.6349 cm.pix -1 and a density of 40,6261 points per square meter.
The orthophoto precision classification standards obtained with conventional digital photogrammetry correlate the GSD and root mean squared error in the three axes with the precision. For this research, these values were for the GSD = 0.043 m and for the RMSE total in the X axis of RMSEx = 0.019295 m, in the Y axis of RMSEy = 0.011074 m and in the Z axis was of RMSEz = 0.062008 m.
According to the Technical Specification for the Acquisition of Vector Geospatial Data and the Cartographic Accuracy Standard (Decree No. 89.817 / 84), the class obtained in this research is class A (high precision surveys) (Silva et al. 2016 ).
The best cartographic representation was obtained due to the lower equidistance between the contour lines, modeling with greater precision the relief. It should be noted that the knowledge of the degree of precision of the DTM generated through the RMSE is extremely important, since it indicates the precision of the final cartographic product.
Using the point cloud, contour lines were generated at each meter. Contour lines were introduced in the GIS environment -ArcGis -and the DTM was developed as shown in Figure 5 .
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This DTM has a Triangular Irregular Networks (TIN) that represents a structure formed by interconnected triangles, representing better the nonhomogeneous surface and the local variations of the study area. Scanning with the UAV through the correlation of overlapping images obtained a point cloud with more than 1 million points and average density of 29.83 points / m². Table 4 . To estimate the volume between the surfaces, the non-linear interpolation method (natural neighbors) was used. The results presented in Table 4 are input data for quantification of the biogas flow rate.
Considering that the RMSE in the three axes is within the range established for high precision surveys, it can be stated that the generated DTM also presents the same accurate that coordinates.
According to Silva et al. (2016) , aerial survey with UAV has the following characteristics in relation to traditional surveys: survey time -98.9% lower than the GNSS survey and 98.61% lower than the LIDAR survey; equipment cost -27% lower than the GNSS survey and 93.12% lower than the LIDAR survey and, finally, 70% more accurate than the GNSS survey and 77% more accurate than the LIDAR survey.
Methane Generation Estimation
The modeling was based on two scenarios, scenario 1 and scenario 2. The input data on biogas estimation model for scenario 1 were: per capita waste generation rate and the population of Volta Redonda for the years of landfill operation (methodology used by the Brazilian government). The input data on biogas estimation model for scenario 2 were: volume of landfilled waste determined using the 3D DTM -TIN. The other parameters were kept equal for the two methods in order to show the generation difference promoted exclusively by the parameter -volume of MSW landfilled.
The waste disposal operations in the area began in 1987 and ended in 2012. It was determined for scenario 1 the number of inhabitants in Volta Redonda between the years 1987 and 2012 and per capita waste generation rate for the years of landfill operation. Through these data, it was estimated the total amount of waste deposited in the landfill every year, which provided the quantification of methane flow.
The volume of MSW landed estimated for Scenario 2 was multiplied by the specific weight of MSW landed and it was found the total mass. The total weight is divided between the years of operation of the landfill. Finally, it was subtracted from the total volume of soil cover. Table 5 shows the evolution of the population in the city of Volta Redonda, the per capita waste generation rate and the total amount of MSW estimated for Per capita waste generation rate increased between the years 1987 (0.5 kg . hab -1 . day -1 ) to 2012 (1.3 kg . hab -1 . day -1 ). The per capita waste generation rate is used to quantify the annual solid waste generation (in tonnes) of a city that does not have measurements of this variable in the areas of final disposal. The density adopted for this model for solid waste landed with compression was 700 kg.m -3 . This average density was obtained through a survey conducted by the Brazilian government in several landfills and used as the average parameter for the determination of the methane rate generated in the Volta Redonda landfill. The moisture content adopted, which is the amount of water presented in the waste measured as a percentage of its weight was 60% (SEDU 2001; EPE 2014) , being the average humidity presented by the Brazilian government for the modeling of landfill biogas and GHG communication for UNFCC. The volume of soil covering of 19.551 m 3 was subtracted from the initial volume of waste landed for scenario 2 (Rizoma 2007).
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In order to present a comparative analysis between the biogas generation in the two scenarios, it was adopted the same parameters for both, facilitating the identification of the main parameter that promotes the generation difference obtained between the two scenarios.
For Scenario 1 the percentage of MSW collected between the years 1987-2007 was 80% increased to 100% in the following years. The total annual of MSW generated in scenario 1 was obtained by multiplying the number of inhabitants by the per capita waste generation rate and collection rate of MSW. After 2007, the MSW collection rate was 100%.
The total amount of MSW landed calculated for scenario 2 was divided by the years of landfill operation, thereby obtaining a constant value for each year. The values in cubic meters were multiplied by the density of the compacted waste, obtaining the values in tons.
The estimated quantities of waste for the two scenarios shown in Table 5 were used as parameters in models for methane flow rate quantification. To calculate the methane flow rate the following parameters are necessary: MCF; DOC; DOCf; F; A; k, L0.
The adopted methane correction factor (MCF) was suggested by the IPCC according to landfill characteristics (0.4: open dump; 0.6: controlled landfill). Considering that the area was rehabilitated in 2012 the MCF increased from 0.4 to 0.6 in the following years thus modifying the rate produced. It was used linear regression equation for calculation of DOC. The characteristics of the residues (percentage of food, paper, glass and others) are represented by this equation in both scenarios. The fraction of DOCf dissimilated was 0.77, for the temperature of 35º C.
The value of 0.5 was adopted for the methane fraction present in biogas (F), as the IPCC recommendation. The density of methane used was 0.0007168 ton.m -3 .
The normalization factor (A) depends on the value of the constant decay of methane (k). This constant decay (k) used took into account the precipitation and the values adopted was provided by the World Bank. The adopted value was 0.06. The precipitation data were obtained at Volta Redonda Climatological Station (Code: 2244041), operated by the public company Natural Resources Research Company (Geological Survey of Brazil -CPRM).
The methane generation potential (Lo) was calculated using the degradable organic carbon, For LandGEM model the average of L0 = 56 m 3 .ton -1 was used. Table 6 presents a summary of results obtained for calibration model parameters. Table 7 presents the estimates of methane generation for Scenario 1 and 2, using IPCC methodology. Figure 6 shows the variation of methane generation over time for the calculations presented in Table 6 . Table 8 presents the estimates of methane generation for scenario 1 and 2, using USEPA methodology and Figure 7 shows the variation of methane generation within the time for the calculations presented in Table 8 . The parameters indicated in Table 6 were used as input data for the simulation to quantification of methane generation to Scenarios 1 and 2. The potential methane generation (L0) indicated in the last column is dependent on the parameters: MCF (in 2007 the area was recovered and went from open dump to controlled landfill, consequently changing the adopted parameter from 0.4 to 0.6); DOC; DOCf (temperature of 35 o C); F (IPCC recommendation). The estimations presented in Table 7 and variation in time of methane flow rate shown in Figure  6 indicates a decrease in the methane generation for both scenarios between 1987 and 2006. The largest amounts generation observed after 2007 are due to interventions in landfill that changed the characteristics of the area, thereby modifying some input parameters in this simulation (i.e. MCF). It can be observed that there is a difference of one decimal place for emissions in 2007 between the two scenarios (0,1. 10 6 m 3 ).
Mebarki and collaborators (2015) conducted a modeling similar to this study using as input data the annual generation rate of waste (constant values for each year -total amount of waste generated of 64,107 kg) between the years 2006 -2013, obtaining the maximum of methane generation the value of 12,106 m 3 for the peak year. Aguilar-Virgin and collaborators (2014) estimating the quantity of biogas generated using parameters determined in the laboratory in accordance with the characteristics of the waste landfilled (i.e. DOC). The results indicated that the average potential methane generation was 69 m 3 . ton -1 . These studies showed that the methane flow and the parameters used for the simulation are within the observed values, however, the appearance of the curve and the years to occur the peak flows are not in agreement with the literature which indicates the need to use a different model, in this case, the LandGEM model. Through the data presented in Table 8 it is evident that there is a difference of one decimal place for emissions in both scenarios. The maximum methane flow rate for Scenario 2 was in 2012 and for Scenario 1 was in 2013. The difference between the maximum flow rate in both scenarios for the year 2012 was 0.29785. 10 7 m 3 and for the year 2013 was 0.32094. 10 7 m 3 . The analysis shows that estimates of Scenario 1 methane generation are far superior to the Scenario 2. This difference can be explained by the estimated amount of waste generated by the population of Volta Redonda through per capita waste generation rate. This estimate is usually overestimated leading to higher rates of methane generation. Figure 7 shows that for both scenarios methane generation falls dramatically after 2012 when operations at the site are closed. When using the 3D DTM -TIN to obtain the volume of waste landfilled through the geoprocessing of images taken with the UAV there is no question more precisely estimates methane generation flow rate (RMSEx = 0.019295 m; RMSEy = 0.011074 m and RMSEz = 0.062008 m). The huge difference between the methane flows for the two scenarios ( Figure 7 ) is due to the parameter -volume of MSW landfilled. This statement can be made since all other parameters were kept constant for both models. Considering the modeling performed it can be stated that the values obtained for Scenario 1 are overestimated in relation to the values obtained through the spatial analysis.
Sil and collaborators (2014) have indicated that several models are available for estimating the emission of biogas in landfills and the LandGEM model is widely used in tropical environmental however due to inaccuracy in input data the results are often criticized and adjustments are made to improve estimates. To fill this gap both regional data and field data were used in this research thus minimizing generation uncertainties.
Chiemchaisri and Visvanathan (2008) conducted a study on biogas estimates in landfills and dumps in Thailand (tropical climate) using the method proposed by the IPCC model LandGEM model and determination of flow in a closed chamber. The results showed that the potential methane emissions using the methodology IPCC was higher than the results obtained with the LandGEM model and the estimates of the model are similar to the estimates obtained with the flow chamber thus indicating that the LandGEM model shows a good approximation of reality.
Zairi and collaborators (2014) conducted a study to quantify the generation of biogas and landfill leachates in Tunisia. They recognized that the composition of MSW in Tunisia is representative when compared to cities in developing countries. The amount of waste used in this study to determine the methane generation was estimated using per capita waste generation rate. Using model LandGEM they identified the year of peak production of methane generation as a year after of the closure of the landfill with a value of 1,765 . 10 7 m 3 .year -1 . Chakraborty and collaborators
Bulletin of Geodetic Sciences, 24(1): 98-124, Jan-Mar, 2018 (2013) estimated the generation of methane using LandGEM model and some input parameters proposed by IPCC and others obtained experimentally for three landfills in India. The amount of waste landed was estimated. They identify the potential methane generation (LO) for waste to be 79 77 and 82 m 3 .ton -1 for the three landfills. The constant value of methane generation (k) used was 0.09 per year.
These surveys showed that the methane flow rate and the parameters used in the simulation are within the range observed in this study. Many studies have used methane generation input parameter in specific models estimates of the amount of waste landfilled. The estimate of the amount of waste takes into account the population growth and the per capita waste generation rate which leads to overestimation of this parameter thus leading to overestimation of methane generation.
When comparing the methane generation in both scenarios and the two different methodologies it is to be noted that the use of the real area and the volume of MSW landfilled determined by the DTM for modeling were more reliable compared to the methodology used by the Brazilian government that takes into account the estimates of waste generated by per capita waste generation rate. This affirmation can be confirmed due to Root Square Error in the process of determining the orthometric coordinates of the study area indicating errors in the centimeters thus giving the model a high precision.
Despite the LandGEM methodology is considered more effective to quantify methane generation the comparison method to be evaluated is the method of first-order decomposition proposed by the IPCC and used by the Brazilian government simply because the reporting of the greenhouse gases to the UNFCCC are performed upon the calculations of this model.
Conclusions
The planialtimetric survey conducted with UAV was agile and with few resources for this purpose. The obtained precision was possible due to the implementation of GCP that allowed the correction of the coordinates obtained from the GPS of the photographic camera engaged in UAV. RMSE in centimeters (RMSEX = 0.019295 m; RMSEy = 0.011074 m and RMSEz = 0.062008 m) indicate the accuracy of the 3D DTM showing a resolution of 0.296349 m.pix -1 and a density of 40.6261 points per square meter.
When comparing the estimates waste generated (Scenario1) and estimates of landfilled waste (Scenario 2) there was a huge difference between them. This is mainly because, in Scenario 1 the estimates take into account the per capita generation rate of MSW which leads to inaccuracies in modeling. As in Scenario 2 the data determined by the 3D DTM (volume of MSW landfilled) represent more the reality because of georeferenced images with errors in centimeters.
The potential for methane generation (L0) using the linear regression equation for the degradable organic carbon calculation for the Southeast Region of Brazil can be used quite accurately as compared with other surveys and respecting the proportions (climate socio-economic factors).
Due to the uncertainties of methane generation in the model adopted by Brazilian government it is recommended to use the 3D DTM especially in areas that have no historical records of operation or in abandoned areas to quantify the volume of MSW landfilled for further calculation of the methane flow. The data provided by this research should be incorporated into the National Greenhouse and Climate Change Gases Inventory as fugitive emissions.
Bulletin of Geodetic Sciences, 24(1): 98-124, Jan-Mar, 2018 Finally methane in Volta Redonda's landfill will be generated by the year 2115 for scenario 2 with the peak year 2012 with an amount of 616500 m 3 when used LandGEM model.
